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INTRODUCTION 
Ever since Dubos discovered tyrothricin (Dubos 1939) 
its bacteriostatic action has been the subject of a great 
deal of investigation. Little work has been done, however, 
to determine the effect of this antibiotic in saliva on 
Streptococcus pyogenes. Part II of this paper is devoted 
entirely to that latter problem. One of the controls 
necessary in the experiment is the observation of any 
effect of saliva on the test organism. Does saliva affect 
bacteria? Part I of this paper presents a survey of the 
literature concerning the problem: The Effect of Saliva 
on Bacteria. 
It is the intention of the author to limit himself 
only to the salivary fractions that play an antibacterial 
r&le. 
PART I 
THE EFFECT OF SALIVA UPON BACTERIA 
Saliva, a watery, slightly viscous liquid, is secreted 
into the mouth by way of three pairs of glands: sublingual, 
submaxillary, and parotid. The quantity of saliva varies 
according to the psychic factors and food stimuli. The daily 
flow is in the neighborhood of 1200 to 1500 milliliters 
(Hawk 1947) vvith the greatest flow at meal times . (Hill 1939). 
The bacteria that become mixed with the saliva of the 
oral cavity may be affected in many ways. Salivary actions 
on bacteria listed in order of ascending importance are as 
follows: the effects by digestive enzymes, the chemical 
effects, the effects by change in pH, the mechanical effects, 
the phagocytic effects, the immunological effects, the 
bacterial effects, and the enzymatic effects. 
THE EFFECTS BY DIGESTIVE ENZYMES 
~~en saliva is discussed, salivary amylase is the first 
enzyme to come to mind. However, salivary amylase (ptyalin) 
has no antibacterial action (Thompson 1940). Yet there 
are other enzymes, not of a digestive nature, that do 
affect oral organisms. These enzymes, which are also found 
outside the body, have been known for some time, for 
according to Thompson. (],.940).,: the first report of a lytic 
action of bacteria was by egg white which \vas observed by 
Laschtschenko in 1909. It was not until 1922 that Fleming 
observed the bacterolytic action of saliva as well as egg 
white, and his experiments demonstrated that the agent 
concerned was of an enzymatic nature (Fleming 1922). 
He states: 
"As this substance has properties akin to those 
of ferments, I have called it a 'lysozyme' and 
shall refer to it by this name throughout the 
communication." 
Indeed by further investigation he was able to show the 
agent that had a lytic action on bacteria was an enzyme not 
a phage. The new enzyme interested many men and the results 
of their labors will be fully discussed in the section 
"The Enzymatic Effects". 
THE CHEMICAL EFFECTS 
2. 
The chemical constituents of the saliva are variable, 
depending on diet, drugs, and state of health. It has been 
demonstrated by Wills and Forbes (1939) that changes in 
protein and carbohydrate intake alter · the acid-neutralizing 
power of the saliva . This acid-neutralizing power will be 
more fully discussed in the section on the hydrogen- ion 
concentration. 
The salivary glands, which are modified skin glands 
pick up from the circulatory system various non-usable 
blood constituents and excrete these with the saliva. 
Therefore some drugs are thus excreted. The subject of anti-
bodies that are built up during diseases will be taken up 
fully in the section nThe Immunological Effects". 
3. 
Moreover Thompson ; ( l9401 reports that the only inorganic 
chemical compound in saliva that is antibacterial is potassium 
thiocyanate, KCNS, which arises from protein catabolism and 
exists in a concentration of approximately 0.005%. While 
investigating this problem, Thompson found the concentration 
of KCNS was so low that it had no antibacterial effect. To 
prove this contention he grew C. diphtheriae on agar plates 
with drops of 0.046% potassium thiocyanate solution; the 
only plates that showed inhibition of gr6wth were the control 
plates in which saliva was used. 
Summary: 
The only chemical in saliva other than enzymes, anti-
bodies, drugs, hydrogen, or hydroxyl ions, that would be 
antibacterial is KCNS, but the KCNS is of such low concentra-
tion that its presence is of no consequence. 
THE EFFECTS BY CHANGES IN pH 
The pH of normal saliva is variable. The work of 
Brawley ; (l935} records experiments in which the pH of various 
individuals was studied. (See Table I.) His o~m work on 
3405 individuals came out with a mean pH of 6.75 and a range 
of pH 5.6 to 7.6. 
From inspecting Table I, one sees at once that the age 
of an individual plays no role in altering the pH of saliva. 
However, diet has an effect on pH, for it has been shown by 
Wills and Forbes (1939) that the alkalinity of the saliva is 
highest during fasting and decreases after eating. Their 
study on the acid-neutralizing power of the saliva demonstrat 
ed that a diet low in carbohydrate and hgh in protein in-
creased the capacity of the saliva to neutralize acid. 
Conversely a lowered acid-neutralizing power of saliva 
resulted when the diet was high in carbohydrate. It has been 
demonstrated tha t the presence of lactobacillus lowers the 
pH of saliva (Clough 1936). 
Snyder (1939) in selecting a number of school children 
free from dental caries, found t hat children from low 
income homes tended to be free from caries. He believed 
that their low carbohydrate consumption was probably 
responsible, even though their oral cavities had a high 
count of acid producing lactobacilli. He does not mention 
the increased acid-neutralizing power of low carbohydrate 
diets, but refers to candy experiments done on children 
showing many acid-producing organisms and increased caries 
and considers that caries is the result of the acid-
producing organisms and increa sed ca rbohydrate diet. 
Summary: 
The pH of saliva is approximately 6.6 t 1 unit, and 
changes are dependent on diet and the type of organisms 
in the oral cavity. 
'TABLE I 
Average pH values of normal resting saliva from data 
of different authors, giving the numbers of cases and groups 
studied. 
Author Gases Average pH Groups 
Mcintosh et al 12 5.6 -5.9 Infants 
Cassarto 100 6.35 All Ages 
Bunzell 298 6.00 -6.64 Various 
228 6 .60 
Age-Groups 
Starr Children 
Bra1-vley 3405 6.75 All Age-Groups 
Stern 100 6.82 Children 
Carlson et al 127 6.85 College Men 
Jonoff et al 412 7.00 Children 
Hymanson et al 55 6.8 -7.8 Infants 
Taken from Brawley; J. Dent Research 15: 55 - 88, 1935. 
THE ~lliCHANICA L EFFECTS 
"The view has been generally held that the function 
of tears, s a liva, and sputum, so far as infections 
are concerned, was to rid the body of microbes by 
mechanically washing them away." (Fleming 1922) 
Bacteria that are taken into the mouth may have but 
a transitory existence, for the mechanical movements of 
the tongue and cheeks which excite salivary secretions 
result in expectoration or swallowing. In either case the 
mouth is cleansed of vast numbers of organisms (Stuart et al 
193B). Furthermore the increased quantity of saliva dilutes 
the concentration of organisms and also acts as a demulcent 
over the oral mucosa. Should the quantity of saliva 
diminish, the viscosity increases, and this increase is an 
added inhibitory factor of a mechanical nature (Appleton 
1945). 
Summary: 
The mechanical factors involved in the antibacterial 
effects of the saliva are (a) its flushing effect and (b) 
its diluent effect. 
THE PHAGOCYTIC EFFECTS 
The cellular components of saliva are bacteria, 
leukocytes, and epithelial cells (Hawk 1947). The bacteria 
will be discussed separately. 
According to Isaacs and Danielian (1927) saliva is 
practically leukocyte-free as it leaves the salivary ducts. 
6. 
7. 
The leukocytes arise from penetration of the mucous membranes. 
In the normal individual the leukocyte count of salivavaries 
from 5 to 150 cells per milliliter and is extremely variable. 
If the cell. count of saliva is low, Isaacs and Danielian 
believe that the leukocytes are dead. High counts may be 
observed in such diseases as leukopenia. It was shown that 
the count varied inversely with the white cell count of the 
blood. However, Stephen and Jones : (l934) in contradiction 
to the work of Isaacs and Danielian, state that there is 
no correlation between salivary white cell count and blood 
white cell count. In 50 per cent of their subjects they 
found a count below 25 cells per milliliter. Higher counts 
were noted, and 500 to 1000 cells were observed occasionally. 
Marked fluctuations were noted, but without correlation to 
the peripheral blood. 
In addition, Dold {1942 b) stated that the leukocytes 
in saliva play a phagocytic role thus aiding in the destruc-
tion of oral bacteria. Furthermore, Appleton (1945) has 
been able to demonstrate that saliva increases capillary 
permeability thereby facilitating the movement of these 
wandering cells into the oral cavity. In order to 
demonstrate this phenomenon, he injected sterile human saliva 
into the skin of rabbits and promptly observed a local in-
crease in capillary permeability. This experiment was 
repeated with whole, stimulated, centrifuged saliva which 
was diluted with sterile distilled water one to twenty. 
Identical results were obtained. Appleton also reported 
with acknowledgment to the work of Hammond (1942) that 
saliva reduces the phagocytic action of leukocytes. 
Hammond demonstrated this fact by setting up three tubes 
containing suspensions of leukocytes and bacteria and he 
mixed saliva with the contents of tube one, physiological 
saline with the contents of tube two and blood serum with 
the contents of tube three. He then recorded the number 
of bacteria in the white cells and found the phagocytic 
count of the saliva mixture was much higher than that of 
the saline solution but much lower than mixtures of 
leukocytes-bacteria and blood serum. Therefore, he 
concluded that saliva depresses the phagocytosis-promoting 
property of serum. 
In a totally different experiment Appleton (1936) 
demonstrated that mice injected with mouse-virulent 
organisms could be protected if the organisms were mixed 
with saliva before injecting. He considered the action 
distinctly bacteriostatic, not bactericidal, but could not 
ascribe it to increased capillary permeability and white 
cell attraction, to the exclusion of other factors. 
The .. no·nphagocytic epithelial cells play an anti-
bacterial role in a quite different manner from the 
leukocytes. They simply slough off in sheets, carrying 
with them thousands of organisms that have lodged in the 
partially turned edges of the necrotic cells (Stuart et al 
1935). 
Summary: 
Leukocytes are found in saliva and have a phagocytic 
action which is slight as compared to the white cells of the 
blood. The epithelial cells are antibacterial in only a 
mechanical way, mainly removing bacteria by their desquama-
tion. 
THE IMMUNOLOGICAL EFFECT 
As to the presence of antibodies in saliva, Appleton 
(1945) states that the body has economized and kept the 
gamma-globulins in the circulating fluids, since saliva 
contains one-fourteenth as much protein as blood. However, 
the antibodies are present, since agglutination of bacteria 
in saliva has been demonstrated. He found that saliva in 
vitro, given time, can agglutinate typhoid bacilli. The 
reaction is not necessarily specific in as much as bacteria 
can be agglutinated by many nonspecific mechanisms. 
He cites one case of a patient with typhoid whose 
saliva failed to agglutinate Salmonella typhosa in dilutions 
greater than l : 2. During the testing interval the 
agglutinating titer of the subject's blood serum rose from 
1:20 to 1:320. 
Sugg and Neill (1931) reported that detectable amounts 
of diphteria antitoxin were regularly present in the saliva 
of persons with only moderately high levels of blood anti-
toxin, and that the concentration of antitoxin in the saliva 
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was directly related to the concentration in the blood. The 
work was conducted on persons of natural immunity and those 
immunized by toxoid. 
A year later Bezi (1932) published an article which 
confirmed the work of Sugg, for he found saliva, extracts of 
tonsils and extracts of other organs exerted an antibacterial 
action against diphteria bacilli. Furthermore he found that 
saline extracts of tonsils and lymph nodes inhibit the 
necrotizing action of diphtheria toxin. 
Hamburger (1944) made a study of 156 patients with 
hemolytic streptococcal infections and investigated 554 
saliva samples, each being obtained at a time when the 
throat cultures were positive. He found the number of 
hemolytic streptococci in the saliva diminished with the 
passage of time, usually gradually, but sometimes abruptly. 
It was also noted that in tonsillectomized patients the 
hemolytic streptococci count was lower than in those patients 
who still had their tonsils. It is disappointing that 
Hamburger failed to say anything about the rise and fall of 
antibody titer. 
Work in the field of immune bodies in saliva is un-
settled, for Ross et al (1927) demonstrated the presence of 
agglutinins in the saliva of rabbits immunized with aciduric 
organisms. On the other hand Bibby, et al (193$) concluded 
that saliva was antagonistic toward bacteria, but the health 
and immunological state of the individual showed no relation-
ship. 
Summary: 
Antibodies are secreted from the blood into the oral 
cavity with the salivary juices. Iwnune bodies are present 
in saliva but in minute amounts. 
THE BACTERIAL EFFECTS 
The healthy mouth contains great numbers of bacteria. 
11. 
With the exception of a few organisms that have established 
themselves, the oral flora is a transient one (Jordan and 
Burrows, 1942). Food particles, decayed teeth and sloughing 
epithelium furnish suitable pabulum. Accumulated exudates 
and submarginal secretions of the gums offer favorable 
conditions for bacterial growth. Therefore, it is surprising 
that injuries of the mucous membrane heal so readily and 
without sequelae. 
Of the organisms existing in the mouth, Staphylococcus 
albus and Staphylococcus aureus can usually be found in all 
oral cavities. Streptococcus viridans, which is often 
present, may hide the hemolytic streptococci which frequently 
become paramount in septic sore throats. Pneumococci are 
frequently found with gram-positive cocci, i.e., Micrococcus 
candicans and Micrococcus t ·etragenus which are normal 
in habitants. 
Of the gram-negative cocci, Neisseria catarrhalis, 
Neisseria flavis and Neisseria pharyngis siccus are present. 
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Zinsser and Bayne-Jones (1939) point out that these are not 
all the cocci, but merely a group of the more important ones. 
Many bacilli are found, for example, pseudodiphtheria 
bacillus, Bacillus hofmannii, and diphtheroids, while chain-
forming gram-positive bacilli a re present only as saprophytic 
varieties. 
Of the gram-negative bacilli, Proteus, Aerogenes, and 
sometimes Klebsiella may appear. Fusiform bacilli may also 
inhabit the mouth and usually spirilla and spirochetes can 
be found, along with yeasts and molds (Zinsser and Bayne-
Janes, 1939: Stuart et al 1935). 
It is the contention of some workers, Stuart et al 
(1935) that the organisms of the oral cavity are not derived 
from the food we eat, from the water we drink, or from the 
air we breathe, for they have found that the organisms we 
breathe, drink and eat are different from those found in the 
normal oral flora. They have divided the bacterial flora of 
the mouth into two groups: (1) intrinsic or endogenous, and 
(2) transient or exogenous groups. Group 1 consists of 
normal oral strains whereas Group 2 has foreign bacteria that 
are more or less transient contaminants from air, food, and 
drink. They argue that the bacteria on the lips add vast 
numbers of transients to the saliva depending of course on 
the oral hygiene of the person concerned (Stuart et al 1935). 
The oral organisms, in the presence of each other, 
result in a complex oral ecology. The rise and fall of 
species population offers a dynamic environment whose 
complexity is increased by the changing topography of the 
mouth as dental caries develop and antibiotic and symbiotic 
organisms appear and disappear. The constant invasion of 
new bacteria, changing foods, temperature, pH, alcohol, and 
resins from smoke upset even the more permanent residental 
forms and force them to undergo fluctuations in number and 
type. 
The invasion of symbiotic and antibiotic organisms 
adds to the already complex problem of what is normal oral 
flora. Changes in oxidation-reduction potentials occur, 
13. 
and available foods vary as a result of the metabolic 
activities of the organisms already present. The periodicity 
of the microorganisms is manifested by marked changes that 
occur in periodic mouth cultures~ Hence to make any dogmatic 
statement concerning normal oral flora is utterly impossible 
(Belding 1938). 
Some strains of oral bacteria are antagonistic, 
inhibiting the growth of other organisms. Thompson and 
Shibuya (1946) found that pure cultures of Streptococcus mitis 
isolated from saliva inhibited the growth of diphtheria 
bacilli in the same manner as did fresh saliva. This 
inhibitory effect of saliva could not be demonstrated after 
the streptococci had been removed from it by physical means: 
filtration, centrifugation, or heat. 
The inhibitory action of salivary streptococci was best 
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demonstrated when the tryptose content of the medium was 
between 0.2 per cent and 0.5 per cent and was abolished in the 
presence of normal tryptose content of 2 per cent. It was 
also noted that staphylococci antagonized the inhibitory 
action of salivary streptococci without affecting the growth 
of these organisms. 
Similar work was done by Appleton and Dietz in 1937. 
They experimented wit~ inocula of various densities of 
Serratia marcescens, Eschericia coli, Salmonella typhosa, 
and Pseudomanas aeruginosa which were seeded into human 
saliva and incubated at 37°C. Samples of the mixtures were 
taken at 1.5 hours, at 3 hours, and at 3-hour intervals for 
the next 24 hours, and the relative number of organisms in 
the samples was estimated. Saliva taken from different 
individuals was treated in one of three ways: centrifuged , 
sterilized by filtration, or heated at 56°C for 30 minutes. 
The bacteria-free salivary residues were added to the test 
plates and mild antibacterial action was observed. When 
whole saliva was added to the test plates, the antibacterial 
action was markedly increased. 
There was nothing new about this type of work, for 
during the first World War Gordon (1916) found that 
meningococcus growth was inhibited by saliva and that even 
when diluted 1 to 100 times saliva was still bacteriostatic. 
He believed the antibacterial effect of saliva was attributabl 
to the presence of other oral organisms. 
15. 
Indeed going to the extreme, Hegemann (1942) dogmaticall' 
concludes that the chief antibacterial effects of saliva are 
brought abou~ by the presence of salivary cocci. In his work 
he claimed that all the antibacterial saliva he used containec 
cocci which he cultivated in pure culture. The bacteria-free 
saliva, he insists, lost its antibacterial activity, but when 
the sterile saliva was reinoculated with the salivary _cocci, 
the antibacterial effect was restored. He stated that even 
v-rhen the pure broth culture of organisms were allowed to act 
they too showed an inhibitory action similar to that of fresh 
saliva. 
Summary: 
It is the contention of many that the bacteria in saliva 
do have an antibacterial effect. Hegemann and his followers 
think that the antibacterial effect of saliva is the direct 
result of specific salivary cocci. 
THE ENZTI~TIC EFFECTS 
The discovery of an enzyme, which Fleming (1922) called 
lysozyme, initiated much work on its antibacterial nature. 
Fleming and Allison (1924) found that the lysozyme of 
egg white produced a lytic effect when diluted 50,000,000 
times. Furthermore, they demonstrated that this lytic enzyme 
was the same as that found in saliva and in other body 
tissues. 
Continuing their work, Fleming and Allison (1927) found 
16. 
that bacteria grown in contact with tissues or secretions 
become resistant to the antibacterial action of such tissues. 
It vvould appear, that, if the lytic enzyme is the same in 
all body tissues, the resistance to lysozme is possibly 
specific because bacteria made resistant to one tissue are 
equally resistant to all tissues and secretions. Fleming 
and Allison carried repeated cultures and subcultures into 
stronger dilutions of egg white. In time they developed 
bacteria which acquired a strong resistance to the 
bacteriolytic action of the enzyme and simultaneously 
acquired resistance to the bactericidal power of the blood 
and intracellular digestion by leukocytes. 
Bibby and Ball (1937) worked on the effect of saliva on 
bacterial growth to confirm the work of Fleming. They found 
a marked antibacterial effect against organisms not usually 
present in the mouth, but only slight action or none at all 
against organisms normally present. 
In order to substantiate the fact that an antibacterial 
agent is present in saliva, Appleton, Gette, and Douglas 
(1937) painted on specific areas of the oral mucosa 
suspensions of Escherichia coli. They then took swabbings of 
the same areas immediately and after three minutes. The 
swabbings i'Tere transferred to the surface of culture plates 
containing sterile gentian-violet agar, and the plates were 
incubated at 37oc for 24 hours. At the end of this time the 
number of colonies from the immediate and from the three-
minute swabbings wBre compared. The results demonstrated 
that the oral mucosa was somewhat antibacterial and analogous 
to the action of the skin. They repeated this experiment 
using Serratia marcescens for E. coli and obtained similar 
results. 
It cannot be assumed that the antibacterial agent is 
always present, for Hine (1936) found that saliva had an 
inhibitory principle present in 91 per cent of 1088 tests, 
but that the inhibitory principle varied both from individual 
to individual and also from day to day. He determined this 
variation by using saliva-filled wells which he cut in plates 
seeded with M. lysodeikticus, L. acidophilus, streptococcus of 
the beta hemolytic type, Staphylococcus albus (2 strains) 
and Staphyloccus aureus. The resting saliva from the patients 
tested against these six bacteria showed inhibitory powers 
thatveried from patient to patient and was not a constant 
finding from day to day. 
Deviating from the usual type of experiment, Appleton 
(1936) attempted to determine if human centrifuged saliva 
exerted an effect similar to the principle of mouse-protection 
tests \"lith anti-pneumoccocci sera. In the experiment he used 
the unstimulated saliva of one individual and the organism 
Serratia marcescens. Three sets of mice were run: The first 
received intra-abdominally 0.5 cc of centrifuged saliva alone; 
the second received intra-abdominally 0.5 cc of 24 hour broth 
culture of bacteria diluted 1:7 with sterile broth; and the 
---- ====-~== 
third received intra-abdominally 0.5 cc of 24 hour broth 
culture of bacteria diluted 1:7 with centrifuged saliva. 
After injection, all three sets, totalling 200 mice, were 
observed for 72 hours, when they were chloroformed, and 
heart-blood cultures were taken. Those that died without 
giving positive heart-blood cultures were omitted from the 
calculations. The results showed a lower gross mortality, 
postponement of death, and fewer positive heart-blood culture 
among survivors, in mice that received the saliva suspensions 
as opposed to those that received broth suspensions. 
Clough (1936) demonstrated quantitatively, a salivary 
inhibitory effect on 1. acidophilus. The test organisms were 
inoculated by the pour plate method into petri dishes. After 
the medium had set, "wellsTf 11 mm. in diameter were cut, into 
which saliva and control fluids were placed. The plates were 
incubated at 37oc for 4$ hours. The test consisted of 133 
saliva specimens obtained from 77 healthy adults. Of these, 
131 inhibited growth of 1. acidophilus; 2 did not. Clough 
found that when the saliva was centrifuged, the inhibitory 
agent was in the supernatent fluid, not in the sediment. 
Also noted was the fact that when the supernatent fluid was 
filtered through a Berkefeld candle, the first 10 to 12 cc 
to collect were devoid of inhibitory properties, but sub-
sequent portions contained the agent. Heat at 750G for 5 
minutes destroyed the inhibitory agent. The effect on 
1. acidophilus was bacteriostatic not lytic. 
19 
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The quantitative experiments of Bibby (1937) led him to 
believe the antibacteri a l agent in saliva was not identical 
with the lysozyme of egg white and that there were possibly 
two antibacterial agents in saliva. A year later Bibby (1938) 
found that the salivary antibacterial agent effective against 
Micrococcus lysodeikticus, Bacillus megatherium and sarcinae 
would not pass through a Berkefeld filter and was slightly 
weakened by temperatures of 7500 for five minutes. The a gent 
resisted lOOOC for fifteen minutes, but wa s destroyed by 
ultra-violet radiation and inactivated by storage for twelve 
days at 200C and 24 hours at 37oc. However it survived two 
months refrigeration at soc. The agent was absorbed on 
kaolin and charcoal, but was not absorbed on aluminum oxide. 
Acetone precipitated the agent, and acid caused partial 
precipitation. Bibby found, ho't'rever, that the agent effective 
against staphylococci, streptococci, lactobacilli, and colon-
typhoid organisms, passed through a Berkefeld filter, was 
destroyed in five minutes by temperature of 75oc, resisted 
ultra-violet radiation, survived two months in the refrigerato 
at 5oc and 24 hours in the incubator at 37oc and was absorbed 
on kaolin and charcoal but not aluminum oxide. It was partial y 
precipitated by acetone and completely inactivated by acid. 
He stated that the lysozyme of egg white resembles those of 
the first agent but that lysozyme passes through a Berkefeld 
filter, survives ultra-violet radiation and can be stored at 
2ooc and 37oc. He thinks amylase, on the other hand, bears 
======~~===================================================·~~-~====~p======== 
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more resemblance to the second antibacterial agent in that 
its properties differ in no essential detail. 
During the same year, Bibby, Hine, and Clough (1938) 
advanced the idea that there was more than one antibacterial 
factor in saliva by showing that one antibacterial agent 
effective against Micrococcus lysodeikticus was unable to 
pass a Berkefeld filter. The antibacterial substance is in 
some manner associated with the salivary bacteria. Definite 
evidence of its elaboration by bacterial cultures was cited. 
They explained its difference by the change of the principal 
effect against lactobacilli, staphylococci, and streptococci. 
They believe that the word lysozyme should not be used, 
because they think there may be many agents present, perhaps 
with as much bacterial specificity as serologic antibodies. 
They found that Bacillus megatherium, and Micrococcus 
lysodeikticus are extremely susceptible to inhibition by 
saliva, even though the saliva may be in dilute amounts. 
However, these organisms do not constitute part of the normal 
oral flora. Staphylococci are the more resistant micro-
organisms and are inhibited by saliva, yet some strains of 
streptococci flourish in the presence of saliva while others 
are inhibited. It was concluded by Bibby and co-workers 
that saliva does exhibit to some degree a bacteriostatic 
effect on some pathogens, while other organisms flourish in 
the saliva: for example, Lactobacillus acidophilus. On 
making a survey of organisms, they found that of 169 strains 
of bacteria tested, the growth of 110 was inhibited by 
human saliva. 
21. 
Not all quantitative expe r iments were successful, for 
Thompson (1941) tried to demonstrate some anti-bacterial 
agent in saliva other than lysozyme, but found that if it was 
present, it 1'i'as destroyed in ac i d solution heated to 100°C 
for five minutes and also filtrable as was lysozyme. 
But a year later concrete evidence came forth, for a 
group of workers, Van Kesteren et al (1942) performing tests 
on a number of species of bacte r ia, found that saliva has 
an .antibacterial effect and furthermore that there are at 
least two antibacterial principles, one of which resembles 
lysozyme. In order to prove this fact, they conducted the 
following experiment. Microorganisms were cultured with 
samples of saliva that had in turn been subjected to ultra-
violet radiation, freezing and thawing, f i ltration, heat and 
absorption. While whole saliva manifested an inhibitory 
action on all bacteria, the treated saliva was antibacterial 
to only some of the organisms. They divided the bacteria 
into groups depending on their action in the treated saliva. 
Group one consisted of Micrococcus lysodeikticus, Sarcina 
lutea, and Bacillus megatherium the growth of which was not 
inhibited by the physically treated saliva samples. Group 
two consisted of Staphylococcus aureus, Streptococcus 
hemolyticus, and Lactobacillus acidophilus the growth of 
which was inhibited by physically treated saliva samples. 
In brief, Van Kesteren and co-workers found that 
separate salivary fractions acted on the groups and 
classfied the fractions of saliva by their dissimilarities 
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in ultra-violet radiation, freezing and thawing, filtration, 
heat, and adsorption, etc. One fraction, they believed, was 
lysozyme. There was a second fraction different from 
lysozyme because it did not lyse M. lysodeikticus and 
manifested other reactions distinct from lysozyme. 
Excluding any microorganisms that might have an anti-
bacterial effect, Dold (1942 a) conducted a group of 
experiments to demonstrate the antibacterial effect of 
sterile saliva. Indeed, he found that the submaxillary gland 
of a dog produced sterile bacteriostatic saliva. He thereforJ 
I 
assumed that the saliva from the sublingual and parotid 
glands is bacteriost~tic. He demonstrated his "salivary 
phenomenon", which is the bacteriostatic effect of saliva 
on new oral arrivals as well as on those residential to the 
mouth. 
Dold stated that lysozyme does play an important anti-
bacterial role in saliva, and that in addition to lysozyme 
there is in the saliva another antibacterial substance 
"inhibine" which is not filtrable and is more heat labile 
than lysozyme. In another article, Dold (1942 b) discusses 
a number of antibacterial factors in the "liquid of the oral 
cavity" which have been previously discussed in this paper; 
i. e., the presence of immune bodies, bacteria, etc. In 
discussing these other factors, however, he does take a 
definite stand. He maintains that the theory that the 
inhibiting factors of saliva may be identical with the 
antagonistic materials of certain mouth streptococci as 
suggested by Muhlenbach and by Hegemann is untenable. He 
does believe, however, that the presence of other bacteria 
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in the mouth influences the ecology of the oral flora, but 
that it is not of as great importance as the enzymatic effect 
mentioned in his previous work (Dold 1942 a). 
Turning now from the action of lysozyme to the enzyme 
itself, Thompson (1940) set up the following criteria. 
1. The method used to estimate lysozyme concentrations is 
the clearing of opaque suspensions of micrococci. Should 
the concentration of the enzyme be so low that the opacity 
of the bacterial suspension remains, further work is necessary 
to demonstrate its presence. This test is accomplished by 
examining microscopically the cell alteration of the bacterial 
mixtures using special stains and observing the swelling of 
the microorganisms, loss of turgor, and diffusions of cell 
substances into or out of the organism. 2. The bactericidal 
or bacteriostatic effect is determined by lysis or growth 
inhibition of M. lysodeikticus. 3. Lastly the lysozyme 
must be recovered, for lysozyme has the properties of a true 
enzyme. It may be recovered after its action on the organism 
and used repeatedly. 
Thompson, in his article, refers to the work of Meyer 
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and co-workers who believed that the primary action of 
lysozyme was disaggregation of highly viscous components of 
the bacterial membranes, and that this disaggregation was 
brought about by action on sugar links of certain amino sugar 
containing carbohydrates. 
Lysozyme is a basic protein or polypeptide containing 
about 16 per cent nitrogen and 2 to 3 per cent sulfur. Its 
molecular weight is in the neighborhood of 18,000 to 25,000 
and it has a molecular size less than 30 millimicrons as 
determined by diffusion through a collodion membrane. 
Lysozyme is thermostable at a pH of 4 even at a temperature 
of lOOOC forthirty minutes, but quickly inactivated in an 
alkaline medium. Salt concentrations affect its activity. 
An optimum salt concentration is 0.5 per cent NaCl with no 
action observed at 8.0 per cent. The concentration of 
lysozyme in the saliva varies inversely to the salivary flow. 
Boasson (1938) state-s that the optimal pH of lysozyme is 6.2, 
and that the hydrogen ion concentration below pH 6.2 inhibits 
lysozyme action. Distilled y,rater acts as alkali on lysozyme, 
and high electrolyte concentrations destroy its action. 
It is of interest here meniy to note the correlation of 
lysozyme and vitamin A. Xerophthalmia in vitamin A-deficient 
rats was cleared up by the addition of human .tears, high in 
lysozyme, to the eyes of these rats. In the case of two 
vitamin A-deficient children, their tears were found to be 
low in lysozyme, but with the addition of vitamin A to their 
diet the lysozyme concentration increased (Thompson 1940). 
Moving to a new field, Jungeblut in 1935 failed in his 
effort to demonstrate a poliomyeliticidal effect of saliva. 
Furthermore, it has been reported by Appleton (1945) that 
other demonstrations of antiviral effects of saliva have 
been unsuccessful. 
However, Thompson (1940) states that lysozyme acts on 
pathogens as well as nonpathogens, but does not list any 
specific pathogens. 
Fleming calls attention to certain organisms that are 
"···very pathogenic for man, and for which there is 
apparently no lysozyme in the human secretions. It may be 
that it is in this sensitiveness to human lysozyme that 
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the difference between these microbes lies ••• " (Fleming 1922) 
Summary: 
There exists in saliva a bacteriostatic substance that is 
enzymatic. It is believed by some that there is more than 
one substance, though possibly only two: one, lysozyme, the 
other called by Dold "inhibine", and that lysozyme and the 
heat-labile inhibine are responsible for the major role of 
salivary bacterial inhibition. 
CONCLUSIONS 
The effect of saliva upon bacteria is inhibitory, and 
this inhibitory action is brought about in a number of ways: 
1. The organisms are directly affected by changes in 
the hydrogen ion concentration. 
2. The organisms may be mechanically flushed from the 
mouth. 
3. The oral microorganisms are attacked by the 
wandering phagocytes. 
4. Many of the oral organisms are lysed or 
agglutinated by immune bodies which may be 
in the saliva. 
5. Many oral bacteria are antagonistic to new 
invaders. 
6. The presence of enzymes that lyse some bacteria 
or alter their cell membrane is the most 
effective antibacterial agent in saliva. 
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Most workers accept the first four factors as playing a 
minor r ole in the antibacteria l effects of saliva, but there 
are two schools of thought on f a ctors five and six. 
One school, that of Hegemann, believes that the anti-
bacterial effects of saliva are occasioned mainly by the 
presence of micrococci antagonistic to the invaders and 
residential oral flora. The other school definitely believes 
that the chief antibacterial factors of saliva are active 
only in the presence of the enzymes, lysozyme and "inhibine", 
and attribute but a small part to the presence of antagonistic 
bacteria. 
The school holding that the antibacterial factors of 
saliva are occasioned by microorganisms rationalizes as 
follm"ls: that since the antibacterial factor in saliva 
may be removed by filtration and loses its activity with 
heat, it is possible that the agents responsible are 
bacteria (Thompson 1940). 
In the other school, Weigmann and Noeske (Thompson 1940) 
found no correlation between the action of saliva against 
-~- ~ ~ -=---==-~- ---==== 
diphtheria bacillus and its bacterial content, and further 
found that when saliva was inactivated by filtration, it 
could not be reactivated by adding the original oral flora. 
27. 
Some workers have reported that filtrates act as anti-
bacterial agents, while other workers report that filtrates 
have no action. Gould it be that the lysozyme was of such 
low concentration that it was ineffective? Lysozyme concen-
tration varies from person to person and from time to time in 
the same individual. 
By way of summary, then, it may be said that lysozyme 
and possibly some other substance "inhibine" do exist in the 
fluids of the oral cavity with salivary cocci, and these are 
the chief antibacterial agents of saliva. 
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PART II 
Effect of Tyrothricin on the New York 5 
Strain of Streptococcus Pyogenes in Saliva 
PURPOSE OF RESEARCH 
Schoenbach et al (1941) reported the sterilization of 
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the nasopharyngeal regions of 2 monkeys and 1 human volunteer 
from whom ~-hemolytic streptococci had been isolated by 
spraying with a l:lOO .dilution of tyrothricin in 2.5 per cent 
glycero l ated physiological sodium chloride solution. Their 
results using a similar tyrothricin spray with 5 human ~­
hemolytic streptococcal postscarlatinal carriers, although 
regarded favorably by these workers, seem indefinite since 
in only one patient was there an immediate reduction of 
streptococci without preliminary cleansing and repeated 
spraying. 
Rammelkamp (1942) obtained no improvement in 1 patient 
with streptococcal pharyngitis when he used as a spray, a 
dextrose solution containing 1 mg per ml of tyrothricin. 
Equally negative results were obtained by Hartley, Jr. 
et al (1945) when they attempted to influence the hemolytic 
streptococcal carrier rate in an orphanage. A final con-
centration of 0.34 mg per ml of tyrothricin, first in normal 
saline and glycerin and later in 10 per cent dextrose in 
distilled water, was used in the form of a spray twice a 
day for 11 days. Yet in vitro the strains of ~~hemolytic 
. , . 
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streptococci isolated were in every insta~ ce readily 
susceptible to the bactericidal action of t ~l69 micrograms of 
tyrothricin per ml. 
There are two apparent, significant reasons for these 
disappointing results in the therapeutic use of tyrothricin 
in nasal and pharyngeal regions. The bactericidal and 
bacteriostatic actions of tyrothricin are hindered if not 
completely blocked (1) by mucin, an important and predominant 
component of saliva, and (2) by the presence of mixed 
bacterial populations, especially those containing chiefly 
Gram-negative organisms. The antagonistic action of the 
bacterial flora may be due to cephalin, a phospholipid which 
also inhibits tyrothricin and which has been extracted from 
Gram-negative organisms (Dubos, 1948; Rammelkamp, 1942; 
Waksman, 1947). 
It is our intention to determine the quantities of 
tyrothricin which, in the presence of unaltered saliva, 
will cause (a) an appreciable reduction and (b) complete 
inhibition of a strain of €-hemolytic streptococcus in 
relation to fixed periods of exposure to the antibiotic. 
MATERIALS 
Test Organism: New York 5, a strain of Streptococcus 
pyogenes (Group B Lancefield), was used in these tests. 
This organism produced a large and well-defined zone of 
hemolysis when cultured on agar enriched with 0.5 ml of 
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defibrinated human blood. It was necessary to use human 
blood as this bacterium yielded poorly-defined hemolysis 
when the medium was enriched with horse blood. Subcultures 
were made each day in order to have on hand at all times a 
vigorously growing culture. Streaked blood agar slants, 
subcultured every 3 weeks, provided a seed culture in case 
of contamination of daily broth cultures. 
Media: Of several media tried, tryptose phosphate broth 
(Difco), to which 0.5 gm of agar-agar per liter had been 
added, provided the most satisfactory fluid substrate for 
this fastidious organism; with the addition of 15 gm of 
agar-agar per liter, the same medium was made suitable for 
a solid substrate. In 17 hours of incubation at 37oc, an 
inoculum in this fluid medium of 0.1 ml (if broth unfiltered) 
or l ml (if broth filtered) from a 4S hour broth culture 
grew into a white cotton-like mass extending from the bottom 
of the tube almost to the surface; the area of medium above 
the growth was transparent. Upon microscopical examination, 
the streptococci were observed to be arranged in long chains 
which, when stained by Gram's method, readily gave up the 
gentian violet so as to appear almost Gram-negative. On 
the solid medium the colonies generally presented the 
characteristic pin-point morphology. However 'not in-
frequently, especially after 4S hours of incubation, a 
spreading grayish colony with a dark center and surrounded 
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by typical hemolysis was observed. 
Tyrothricin: The original concentration per ml of 
tyrothricin, which was provided by the White Laboratories Inc.·1 
of Newark, N.J., was 10 mg per ml in a 50 per cent alcohol-
50 per cent propylene glycol solution. The required con-
centrations were secured by diluting the stock solution, 
aspirated aseptically from its rubber-capped vial with a 
sterile hypodermic needle and syringe,- with the proper volume 
of 2 per cent propylene glycol in distilled water. 
Saliva: In order to simulate in vivo conditions as much as 
possible, the collected saliva was unfiltered or unstrained 
and was secured without artificial stimulation of flow. 
However, so as to keep antagonistic action of normal buccal 
flora and fauna at a minimum, the saliva with the lowest 
bacterial count from one of several individuals tested was 
used and the flow for the first 3 minutes was discarded. The 
freshly collected saliva was allowed to stand for several 
minutes in order to allow gross particles to settle, and then 
required amounts of the opalescent surface fluid were 
pipetted off when needed. Fresh saliva was supplied just 
previous to time for use so that the possibility of diminish-
ing inhibitory potency due to prolonged standing was 
eliminated. Bacterial counts were done on each newv batch 
of saliva along with the other tests in an effort to 
correlate changes of normal buccal microorganisms in number 
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and in type with changes in the effect of the tyrothricin and 
the growth of the test organism. All salivary bacterial 
counts were done upon the same media used in the main 
experiment in order to detect possible presence of micro-
organisms whose hemolytic activity could have been confused 
with the hemolytic activity of the test organism. 
Blood: Freshly drawn human blood was introduced aseptically 
into a sterile Erlenmeyer flask containing glass beads and 
defibrinated by shaking gently for several minutes. 
Diluting Fluids: Physiological sodium chloride solution was 
used to make the necessary dilutions for plating out at the 
end of the exposure period. 
Propylene glycol, diluted with distilled 
water to a concentration of 2 per cent, was used to dilute the 
tyrothricin to the desired concentrations per ml. 
Sterile distilled water was used to 
dilute bacteria cultures if necessary. 
EXPERIMENTAL PROCEDURES 
Standardization of Inoculum Culture: It was decided tentatively 
to use an inoculum containing approximately 1,000,000 
hemolytic streptococci per ml in the final concentration and 
to attain this by developing uniform procedures for the size 
of inoculum and for growing stock and inoculum cultures and by 
correlating the optical density of the in 
to use, with viable cell counts. Ordinary pyrex test tubes, 
which had been standardized with the spectrophotometer when 
they were filled with a colored solution, were used for grow-
ing the inoculum cultures and 1 such tube, containing medium 
only, was used as a blank to establish a zero reading with a 
550 pg filter. Four readings and viable cell counts were 
deemed sufficient to establish a dilution factor for the 
early experiments. 
With the first lot of fluid medium, it was found 
necessary to introduce only 0.1 ml inoculum from a 4$ hour 
stock culture of the test organism to obtain an abundant and 
vigorous growth after 17 hours of incubation at 37oc. The 
second lot of fluid medium, which was prepared from newly-
purchased tryptose phosphate broth powder, required 1 ml 
inoculum of the stock culture and even then the growth was not 
as abundant. This created a problem which will be discussed 
in the next section. 
Before using the inoculum culture, the optical density 
was measured on a Coleman junior spectrophotometer and the 
dilution factor estimated by comparing the reading with values 
recorded in Table II. As part of each experiment, a viable 
cell count was made of each inoculum culture and the count and 
optical density supplemented data in the standardization table. 
Prepa ration of Concentrations of Tyrothricin: As previously 
mentioned, the clear, colorless stock solution contained 10 
m er ml. Workin solutions, containing 1 mg per ml, were 
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made by diluting this stock solution 1:10 with 2 per cent 
propylene glycol. The resultant solution was opalescent and 
no precipitate could be seen; this white opacity decreased 
directly with the concentration of tyrothricin per ml until 
at a concentration of 10 pg per ml, the solution was again 
clear and transparent. Several negative controls for 
hemolytic activity of tyrothricin, which will be discussed 
later, would seem to indicate that there was no precipitate. 
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TABLE II 
lNOCULUM STANDARDIZATION TABLE 
Filter ·Optical Density* ·Optical Density Differ- Viable 
of Tube of after Inoculation ence Cell 
Sterile Medium and Incubation Count 
for 17 hours at 
37°G 
550 .30 .43 .13 9.5 X 106 
550 .30 .43 .13 12. X 106 
550 .30 .47 .17 22.2 X 106 
550 .29 • 51 .22 18 • X 106 
550 .30 .60 • 30 62 • X 106 
550 .29 .60 .31 64.5 X 106 
~:' Coleman Junior Spectrophotometer 
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Integration of Charge (Tyrothricin, Bacteria, and Saliva 
Mixture): At first the charge was worked out on the basis of 
a final mixture totalling 10 ml but because of the delay in 
collecting a sufficient quantity of saliva, in later experi-
ments the proportions of ingredients were worked out on a 
basis of 5 ml of final mixture. Thus the integration of the 
components of each charge was such tha t the final mixture 
contained the desired concentrations per ml of streptococci 
and of tyrothricin: _e.g. 
0.5 ml of a solution of tyrothricin containing 10 times 
the desired concentration per ml. 
0.5 ml of a bacterial culture estimated to contain 10 
million bacteria per ml. 
4.0 ml of a diluting fluid (saliva, saline, etc.) 
).0 ml of mixture containing tyrothricin and streptococci 
in the desired concentrations per ml. 
Period of Exposure of Streptococci to Tyrothricin: Although i 
was decided tentatively to use 15 and 30 minute periods, these 
first experiments wBre carried out using 30 minute and 60 
minute exposure periods in order to establish, roughly, 
limits of effective action. The length of time of exposure to 
the antibiotic also presented a difficulty which is discussed 
in the next section. 
Controls: A control was run in every experiment to note 
inhibitory effect of the saliva on the test organism. The 
Nev; York 5 strain of streptococci is not a normal part of the 
oral flora and saliva has been reported to inhibit foreign 
invaders of the oral cavity (Appleton, 1945; Bibby, 1937, 
1 8~ Hine, 1936). A charge consisting of 0.5 ml of 
37 
streptococci mixed with 4.5 ml of saliva was retained for 30 
or 60 minutes or both before diluting and plating out. To be 
absolutely comparable, the charge should have consisted of 0.5 
ml of saline or water, 0.5 ml of streptococci, and 4 .0 ml of 
saliva. 
Since 2 per cent propylene glycol was used to dilute the 
tyrothricin to desired concentra tions, a control for possible 
inhibitory or bactericidal activity of this solvent was set 
up. For this same reason, a control was set up for a 50 per 
cent alcohol - 50 per cent propylene glycol solution without 
tyrothricin. During one experiment, the undiluted propylene 
glycol was also tested for action against New York 5. 
As ea ch concentration of tyrothricin was used, controls 
were set up to check the possibility of misleading hemolytic 
spots by precipitated tyrothricin. To do this, 1 ml of the pro 
posed concentrations of tyrothricin was diluted in 4 ml of 
normal saline to cause precipitation and then after shaking 
·thoroughly, 1 ml of this solution was withdrawn and plated 
out. Such plates were incubated at 37oc and checked after 
24 and 48 hour periods. 
After each experiment, 1 ml of each of the diluting 
fluids used and of blood were also plated out in order to 
negate too profuse contamination or contamination by non-
streptococcal hemolytic microorganisms. If gross contamina-
tion of these controls was observed, especially of the blood 
or normal saline, the experimental results were discarded; 
this eliminated external factors which might have caused mis-
leading inhibition either of the action of the tyrothricin or 
of the viability of the streptococci. 
General: With each experiment, streptococcal and salivary 
bacterial population counts were made. The purpose of the 
test organism count has been mentioned above. Counts were 
made of the normal salivary bacterial population to check 
variability of this population from day to day chiefly in 
relation to the reported inhibitory effect exerted by large, 
mixed bacterial populations on the action of tyrothricin 
( Dubos, 194$). 
In order to minimize the time lag between the end of 
exposure period and the plating out for incubation, it was 
found necessary to have everything in readiness; by so doing 
this lag period was found to range from 10 to 15 minutes. 
A greater part of these experiments consisted of an 
original and a duplicate set-up; efforts were duplicated to 
check accuracy of technique and to forestall loss of time 
because of breakage or similar accidents. 
Routine use of microscopical examination of slides 
stained by Gram's method was performed in order to check 
purity of cultures and identity of organisms forming question-
able colonies surrounded by a zone of ~-hemolysis. 
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TECHNICAL DIFFICULTIES 
'· 
Several problems which arose during these experiments 
were resolved, although not all equally satisfactorily. 
The possibility of the hemolytic activity of tyrothricin 
causing pseudo-streptococcal areas of hemolysis was eliminated 
by the controls mentioned previously. Negative controls were 
obtained, and indicated that this potential error could be 
dismissed in the case of the concentrations that were used. 
The question of securing a uniform inoculum of strepto-
cocci was inadequately met. That the method was not at fault 
was demonstrated by the partial success attained. The large 
deviation, which occurred when a new lot of medium was used, 
served to emphasize the necessity for stringent uniformity in 
materials and methods. After the first lot of medium was used, 
the prepared standardization table was of no value and a 
similar table should have been prepared for the second lot of 
medium before proceeding with further experiments. It also is 
certain that greater accuracy could have been obtained if a 
nephelometer had been used. The spectrophotometer served very 
well for obtaining the optical density of cultures and the more 
sensitive range of the nephelometer would have aided in cor-
relating the optical densities of high dilutions with their 
viable cell counts (Longsworth, 1936). 
An important question arose as to whether the tyrothricin, 
to which approximated numbers of organisms were exposed for a 
definite period of time, continued its ac·tivitv si2:nificantlv 
after this period ended. Tha t this activity continued seems 
certain but that it was significant is doubtful in view of 3 
factors: (l) The sma llness of the concentrations used, (2) 
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the extensive dilution of the char ge within 15 minutes after 
the end of the exposure period and (3) the precipitation of 
the tyrothricin by using sterile physiological sodium chloride 
solution as the diluting fluid. The first factor is self-
explanatory as the concentrations were in terms of p.g . This 
factor is probably not of considerable importance as l pg of 
tyrothricin in sterile water very effe ctively reduced the 
streptococci popula tion after 30 minutes exposure. The dilu-
tion factor was relatively l a r ge since 1 ml of charge vv-as 
diluted from 1:10 to 1:100,000 and only dilutions 1:100 to 
1:100,000 were plated out and then plat i ng out resulted in 
further dilution by 15 to 20 ml of agar-agar . In precipitct,.. 
ing the tyrothricin , its bacteriostat ic a nd bactericj_da l 
actions were further curtailed since these actions depend on 
i ntimate contact with the susceptible organisms (Bordl ey et al, 
1942). 
Because electrolytes are found as a component of saliva, 
the precipitation of tyrothricin even in the presence of 
traces of electrolytes was an insurmountable problem . This 
was partially compensated for by intermittent shaking during 
the exposure period. Addition of the tyrothricin component 
of the charge, as the l ast step in the preparation of the 
charge and after the bacteria and saliva had been thoroughly 
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mixed , also afforded part ial compensation. 
Effect of the variability in numbers of normal oral flora 
was reduced to a negligible minimum by collecting the saliva 
at the same time of day - usually 2-3 hours after breakfast 
which is generally constant in menu - and from the same indivi-
dual so that there was an uniformity in dental hygiene. 
Vari ations in consistency and lysozymic activity of saliva were 
not controllable (Thompson , 1940). 
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EXPERI MENTAL RESU LTS 
The results obtained from experimentation are summarized 
in chart form t o facilitate evaluation and study. 
Table III 
Percentage Reduction of Streptococcus Pyogenes 
in Saliva by Different Concentrations of Tyro-
thricin during 24 Hours 
Tyrothricin Exposure S.pyogenes S.pyogenes Count 
Concentration Period Count in Saliva and 
per IVIl in Tyrothricin 
Minutes 
10 pg 30 1.6 X 106 2.7 X 106 
1.0 X 106 1.3 X 106 
60 4. 5 X 105 7.0 X 104 
2 .3 X 105 3.0 X 104 
25 pg 30 4.5 X 105 . 1.0 X 104 
2.3 X 105 1.9 X 104 
60 4.5 X 105 6.0 X 103 
2.3 X 105 1.8 X 103 
50 )lg 30 1.0 X 106 2.1 X 103 
4.5 X 105 0 
2.3 X 105 0 
60 4 .5 X 105 0 
2.3 X 105 0 
75 J.lg 30 2.3 X 105 0 
60 2.3 X 105 0 
100 p.g 1 6.1 X 105 2.0 X 103):, 
30 6.1 X 105 0 
60 6 .1 X 105 0 
Percentage 
Redu ction 
0 
0 
84 .5 
75.0 
97.8 
91.4 
98.6 
91.2 
99.4 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
99.3 
100.0 
100.0 
Using tyrothricin in concentrations of 10, 25, 50, 75, and 
100 pg acting for 30 and 60 minutes on Streptococcus pyogenes 
in saliva, the results in Table III were obtained. The per-
centage reduction of the test organism was calculated by using 
r 
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the count of viable organisms remaining after exposure to 
saliva as the substrate for tyrothricin activity . The plates 
were read after 24 hours incubation at 37°C and the results 
calculated in percentage reduction of Streptococcus pyogenes. 
Tyrothricin in a concentration of 10 pg per ml and acting 
during 30 minutes had no effect. However in this concentratio 
the count was reduced 79.8 per cent after 60 minutes. I n a 
concentration of 25 pg per ml , the tyrothricin reduced the 
count by 95 per cent when acting for 30 minutes and by 95 per 
cent \•ihen acting for 60 minutes. 50 pg per ml of tyrothricin 
gave practically complete reduction in either 30 or 60 minutes. 
This was also true of 75 pg. There were a very small percent-
age of atypical (~:' ) colonies remaining when 100 pg per ml 
acted for 1 minute. 
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TABLE III (A) 
Percentage Reduction of Streptococci 
pyogenes in Saliva With Varying 
Concentrations of Tyrothricin per ml. 
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in Micrograms per ml. 
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Table IV 
Percentage Reduction in Number of Streptococcus 
Pyogenes in Saliva by Different Concentrations of 
Tyrothricin during 4S Hours 
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Tyrothricin Exposure S.pyogenes S.pyogenes Count Percentag 
Period Reductior1l Concentration Count in Saliva and 
per IvJ.l in (per ml) Tyrothricin 
Minutes (Eer ml) 
10 pg 30 1.9 X 106 2.7 X 106 0 
1.0 X 106 2.0 X 106 0 
60 4.5 X 105 9.0 X 104 so 
2.3 X 105 5.6 X 104 75.6 
25 pg 30 2.3 X 105 3.S X 104 S3.5 
60 2.3 X 105 3.4 X 104 S5.2 
50 pg 30 1.0 X 106 1.6 X 104 * 97.4 
4.5 X 105 0 100. 0'!' 
2.3 X 105 0 100. 0'!' 
60 4.5 X 106 0 100.0 
2.3 X 105 2.0 X lQ3io: 99.1 
75 pg 30 2.3 X 105 S.Q X 102"" 99.6 
60 2.3 X 105 6.0 X 102* 99.7 
100 pg l 6.1 X 105 9.0 X l03i., 9S.5 
30 6.1 X 105 1.6 X l03t.: 99.6 
60 6.1 X 105 2.6 X l03io: 99.0 
*Atypical Colonies 
Table IV shows the result of tyrothricin acting for 30 and 
60 minutes on Stre12t ococcus )2yogenes in saliva. The percentage 
reduction was calculated as explained for Table III. The same 
plates that gave the results for Table III were counted again 
at 48 hours. At 4S hours there was less of an effect on 
Stre12tococcus pyogenes than at 24 hours and in the higher 
concentrations of tyrothricin, there appeared more of the 
atypical colonies of the test ~anisms tha~~ 24 hours. 
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However, the concentrations of 50, 75, and 100 pg per ml 
affe cted pra ctically a 100 per cent reduction. 
Table V 
Effect of Saliva u pon Streptococcus Pyogenes 
Streptococcus Saliva Exposure 
pyogenes Count Period 
Count per Ml. in 
per Ml. Minutes 
1 6 106 1.3xl06 • X 
1 0 106 2.1x106 • X 
6 .1 X 105 
30 
60 
30 
60 
30 
60 
30 
60 
S.pyogenes Count 
after Treatment 
with Saliva 
24 Hours 48 
Percentage 
Reduction 
a t 
24 Hours 48 
0 0 
3.6xl05 64.0 
2.2xlo5 
1.6xlo5 
1.7xlo5 
3.9xlo5 
2.9xlo5 
2.2xlo5 
4.4 
30.4 
72.2 
46.0 
0 
0 
65.2 
46.0 
The effect of saliva upon the count of Streptococcus 
pyogenes ~Ara s quite variable. In some experiments there wa s a 
reduction of 65 per cent in number of streptococci and in other 
instances there was no apparent effect. This effect is probably 
not due to the mixed bacterial population of the saliva as in 
one instance the saliva count was 4 x 106per ml and there was nc 
effect on the test organism; yet in another instance the saliva 
count was 1.3 x 106 and there was a 65 per cent reduction of 
the test organism. The saliva count was very constant during 
47 
the entire experiment and remained for the most part between 
1 million and 2 million per ml with only 1 instance of a count 
of 6 million. 
Table VI 
Effect of Tyrothricin on Saliva Count in 24 Hours 
Tyrothricin Exposure Saliva Count Saliva Count Percentage 
Concentration Period per IvU v-ri thout per Ml with Reduction 
per Ml in Tyrothricin Tyrothricin 
Minutes 
25 pg 30 1.1 X 106 1.2 X 106 0 
60 1.1 X 106 2.6 X 106 0 
50 fg 30 1.1 X 106 5.0 X 105 54.1 
60 1.1 X 106 3.0 X 105 73.2 
75 rg 30 1.1 X 106 4.2 X 104 96.2 
60 1.1 X 106 3.1 X 104 97.2 
100 }lg 30 1.1 X 106 3.9 X 104 96.5 
60 1.1 X 106 2.9 X 104 97.4 
At higher concentrations, tyrothricin had a very con-
siderable reducing effect on the bacterial count of the saliva, 
attaining reductions of 96 per cent and 97 per cent at con-
centrations of 75 and 100 pg per ml. 
Controls wBre run in all the experiments using 2 per cent 
propylene glycol mixed with saliva and these demonstrated that 
propylene glycol at such low concentrations exerted no signifi-
cant inhibitory effect on the test organism. However one run 
' 
with undiluted propylene glycol affected 100 per cent reduction 
There was no significant reduction by a charge consisting of 
0.5 ml of a 50-50 mixture of alcohol and propylene glycol 
(2 per cent), 0.5 ml of bacteria, a nd 4.0 ml of saliva. 
As a control demonstrating the effectiveness of tyro-
thricin in vitro when saliva was not present, 2 experiments, 
using l pg and 10 yg per ml of tyrothricin in sterile water, 
were run. l pg of tyrothricin per ml acting for 30 minutes 
reduced the number of Streptococcus pyogenes from 4. 5 x leY to 
6.6 x 103 , a reduction of 98.5 per cent. 10 Fg of tyro-
thricin per ml under similar conditions yielded a 100 per cent 
reduction of test organisms, whereas 10 pg of tyrothricin added 
to the streptococci mixed in saliva and acting for 30 minutes 
yielded no reduction at all in 2 different experiments. There 
is no doubt that the presence of saliva greatly inhibits the 
action of tyrothricin necessitating the use of much larger 
concentrations per ml of the antibiotic to affect the same 
inhibition in corresponding exposure periods. There also seems 
to be a possibility that the effect obtained in saliva mixtures 
is not a s permanent in nature, as manifested by growth of 
atypical colonies during 48 hours incubation. 
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DISCUSSION OF EXPERI~lliNTAL RESULTS 
Atypical colonies of Streptococcus pyogenes developed 
mostly only afte r 4S hours incubat ion and only in the higher 
concentrations of tyrothricin - 50 to 100 pg per ml. The per-
centage of these, apparently~ resistant forms was very small; 
the reducing effect of tyrothricin on Streptococcus pyogenes 
was still a round 78 to 99 per cent including these atypical 
forms. At 48 hours, the count of normal Streptococcus pyogenes 
colonies had increased significantly from that of 24 hours. 
Thus 25 pg per ml of tyrothricin a cting for 60 minutes de-
creased the count of the test organism 96 per cent in 24 hours; 
but at 48 hours, the reduction was 85 per cent. This would 
seem to indicate that the action of tyrothricin on 
Streptococcus pyogenes is chiefly bacteriostatic. 
Tyrothricin in the higher concentrations appears to have 
a definite reducing effect on the saliva count. In concentra-
tions of 75 rg and 100 yg per ml, it reduced the count 96 per 
cent; 50 pg per ml r educed the saliva count 50 to 70 per cent; 
and 25 pg per ml had no apparent effect. This tyrothricin-
caused lag in the growth of normal oral flora wa s overcome, as 
demonstrated by increa sed counts, during 48 hours of incubation 
at 37°C. 
The effect of saliva on Streptococcus pyogenes was found 
to vary considerably on different days. Some days there was 
no effect while on other days there was as much as 65 per cent 
50 
reduction. This varying effect was compensated for by using 
he affective inoculum of streptococci (viable organisms 
remaining after action of saliva on original inoculum) as the 
substrate for tyrothricin's activity. The difference between 
this count and that obtained by using the original inoculum of 
streptococci was so slight as to be almost negligible. 
Tyrothricin acting on Streptococcus pyogenes in sterile 
ater gave a 100 per cent reduction at a concentration of 10 ug 
I 
per ml for 30 minutes while, when the streptococci were mixed in 
saliva, 10 pg per ml in the same exposure period had no 
apparent effect. Thus it can be concluded from this and other 
comparable results that the action of tyrothricin is greatly 
reduced by saliva. 
Although tyrothricin in 10 pg per ml concentration had no 
effect whatsoever on St reptococcus pyogenes mixed in saliva 
after 30 minutes exposure, there was an 83 per cent reduction 
in the count when the exposure period was extended to 60 
minutes. A concentration of 25 pg per ml acting for 30 minutes 
affected a reduction of 94 per cent while in 60 minutes, the 
reduction was 96 per cent. At a concentration of 50pg per ml, 
the reduction was essentially 100 per cent after either 30 
minute or 60 minute exposure periods . This was also true of 
concentrations of 75 and 100 pg per ml. 100 pg per ml, acting 
for the amount of time it took to mix the contents of the tube, 
gave a 98 per cent reduction indicating the rapidity of 
tyrothricin's antibacterial action. Thus the minimal amount of 
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tyrothricin necessary to produce complete inhibition of the 
test organism in saliva, would fall between 25 and 50 pg per 
ml acting for 30 minutes; this range would hold true for a 24 
hour period but after this time some growth might occur due to 
resistant forms or to the overcoming of bacteriostasis. 
CONCLUSIONS 
l. The action of tyrothricin on Streptococcus pyogenes 
in saliva is primarily bacteriostatic. 
2. Tyrothricin acts almost immediately on this test 
bacteria. 
3. Tyrothricin above a concentration of 50 pg per ml 
has a definite reducing effect on the bacterial count of 
saliva. 
4. Saliva has a variable reducing effect on the number o 
test bacteria. 
5. The action of tyrothricin is greatly inhibited by the 
presence of saliva. 
6. The minimal amount of tyrothricin necessary to pro-
duce complete inhibition of gro~~h of the New York 5 strain of 
Streptococcus pyogenes in saliva is between 25 and 50 pg per 
ml acting for 30 minutes. 
7. There is an effective reduction of Streptococcus 
pyogenes in saliva by concentrations of tyrothricin between 
10 and 25 pg per ml acting for 30 minutes. 
SUMMARY 
The extent of the described experiments consisted 
chiefly in delineating the range of concentrations of tyro-
thricin per ml effective against the New York 5 strain of 
Streptococcus pyogenes mixed in saliva. 
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The required inoculum of approximately 1 million 
organisms per ml was obtained by growing cultures of the 
streptococci under uniform conditions and setting up a table 
of the absorbances and viable cell counts, from which dilution 
factors for further cultures could be estimated, from these 
cultures. 
Controls were set up for determining possible inhibition 
of tyrothricin and/or test organisms by the various diluting 
fluids including saliva. 
Final concentrations per ml of 10, 25, 50, 75 and 100 pg 
per ml of tyrothricin, integrated with saliva and an 
approximated number of streptococci, were plated out after 30 
and 60 minute exposure periods. 
\~ereas 1 pg per ml of tyrothricin reduced markedly the 
number of streptococci suspended in water after a 30 minute 
exposure period and 10 pg per ml, under similar conditions, 
caused complete inhibition, 10 ~g per ml of the antibiotic 
was ineffective against the test organism suspended in saliva 
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during a 30 minute exposure period but caused an S3 per cent 
reduction in viable organisms during 60 minutes exposure. The 
length of the exposure period necessary for effective inhibi-
tion varies inversely with the concentration of tyrothricin 
per ml, 100 pg per ml causing a 9g per cent reduction of 
viable organisms in an exposure period of 1 minute. For the 
30 minute exposure period, the quantity of tyrothricin 
effective against this strain of streptococci mixed in saliva 
would fall in the 10 pg - 25 pg per ml range and for shorter 
exposure periods, the concentration per ml would have to be 
greater. 
Cultures, completely negative after 24 hours incubation 
at 37oc, showed atypical growth after 48 hours . This is 
considered indicative of the bacteriostatic action of tyro-
thricin which, prolonged, would result in the death of large 
numbers of the streptococci. 
The results which were obtained in these experiments 
chiefly serve to point out the wa y for further work and provide 
a basis for the general conclusions discussed in the previous 
section. 
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ABSTRACT 
of 
The Effect of Saliva Upon Bacteria 
and 
The Effect of Tyrothricin on the New York 5 
Strain of Streptococcus Pyogenes in Saliva 
The antibacterial effect of saliva has been known for many 
year$. Still the exact nature of the antagonistic action of 
saliva upon bacteria is as yet unsettled. Most workers agree, 
however, that the salivary bacterial inhibitory action is 
brought about in at least six ways: 
The first antibacterial effect is changes in pH, 
which affect the growth of oral organisms. Further-
more, this change in pH is dependent on diet and on 
the type of organisms in the oral cavity. 
The second is the mechanical factors involved, for 
saliva not only flushes bacteria from the mouth, 
but dilutes the number of organisms as well. 
The third is the antibacterial action of the cellular 
components in saliva. The leukocytes in saliva have 
a phagocytic action, and the non-phagocytic epithelial 
cells slough off in sheets, carrying w~th them thousands 
of organisms which have lodged in the partially turned 
eda es of the ne croti c c ells . 
The fo 1 U"t antibPcteri::-1 2 tion is er·cribed to the 
nreeenc e of im.T:1ime bodies in the e8 l i VP. ~<hi ch l·'se 
or ag~lutinate t he oral becteria. 
The fifth is t he ~ resence of ora l b Fcteria ~hich are 
antagoni s tic to new i nveders . 
An d the six t h is t he nre se::1ce of enz:y-ra.es th2t lyse 
s o:ne ore.l br-cteria or alter their cell l'le:mbrenes 
t hereby i nhtoi ting fJJ.rt.her 2;ro1Nth. 
~n recent veprs a ~reat deal of investigntion ~es been 
macle to BScri1•e t he en'?, :~1Pti c effect PS t he ch ief e ~ -~ti -
b""cte:rj <=•1 etc:en.t in f'flli VB; ~ o~ '·evPr, contrPd i ctor·r ,:-nrk hp.s 
been anne to try to e.ttr:i.b,tte t he cl, ief Pntih..,cte:r iPl ection 
of saliva to t he n resen ce of EalivRry cocc i . 
Indeed t he antib~cterial e ·fr ct of saliva is not a~· 1 B 7S 
present, f or the b~ cterio s t r ti c eff ect of saliva is var i able 
fro.!1 dav to da y and f rom i nc1ividuel to individual . 
'J.lhe only _ y of reo.•win,q; the nu:>:nber of oral bacteria is 
to Pdd to t he saliva en Fntib iotic. ~yrothricin was used . 
~n an e tte~nt to de l inee te t he ran~e of concentra tion of 
tvrothricin ner ml. e f':f"e ct :i .ve <-' ,9"P:inst t 1~e l'.fev· '[o rk 5 strr:: in 
cPrriecl out. 
Belding concerning the effect of tyrothricin on the Oxford 
Strain of Staphylococcus aureus in saliva. 
The required inoculum of approximately one million organ-
isms per ml was obtained by grm.-ving cultures of the 
streptococci under uniform conditions and setting up a table 
of the absorbances and viable cell counts, from which 
dilution factors for further cultures could be estimated. 
Controls were set up for determining possible inhibition of 
tyrothricin and/or test organisms by the various diluting 
fluids including saliva. 
Final concentrations per ml of 10, 25, 50, 75, and 100 
pg of tyrothricin integrated witQ saliva and an approximated 
number of streptococci were plated out after 30 and 60 minutes 
exposure periods and were counted after 24 and 48 hours of 
incubation at 37°C. 
Whereas 1 pg per ml of tyrothricin reduced markedly the 
number of streptococci suspended in water during a 30 minute 
exposure period and 10 pg per ml, under similar conditions, 
caused complete inhibition, 10 fg per ml of the antibiotic 
was ineffective against this test organism suspended in 
saliva during a 30 minute exposure period but caused about an 
80 per cent reduction in viable organisms during 60 minutes 
exposure. The length of the exposure period necessary for 
effective inhibition varied inversely with the concentration 
of tyrothricin per ml, lOO)lg per ml causing a 98 per cent 
reduction of viable organisms during an exposure period of 1 
minute. For the 30 minute exposure period, the quantity of 
tyrothricin effective against this strain of streptococci 
mixed in saliva would fall in the 10 pg - 25 p g per ml r ange 
and for shorter exposure periods , the concentration per ml 
would have to be greater . 
Cultures completely negative during 24 hours incubation 
at 37a:), showed a typical growth dur ing 48 hours. This is 
considered indicative of the bacteriostatic action of 
tyrothricin which, prolonged, resulted in the death of l a rge 
numbers of the streptococci. 
The results which were obta ined in these experiments 
serve chiefly to point out the way for further work and to 
form a basis fort he general conclus ions listed below: 
1. The action of tyrothricin on ba cteria is inhibited 
by saliva to a l arge degree . 
2 . The minimal amounts of tyrothricin necessary to pro -
duce complete inhibition of growth of Streptococcus pyogenes 
in saliva is between 25 and 50 pg per ml a cting for 30 
minutes. 
3 . There i s an eff e ctive reducti on of Streptococcus 
pyogenes i n saliva by concentrations of tyrothricin between 
10 and 25 p g per ml acting for 30 minutes. 
4 . Tyrothricin act s i mmedia.tely upon contact vdth 
Streptococcus pyogenes . 
5. The action of tyrothricin on Streptococcus pyogenes 
in saliva is apparently bacteriostatic and not of a permanent 
nature as manifested by growth of atypical colonies during 
48 hours incubation. 
6. Tyrothricin above a concentration of 50 fg per ml 
had a defin i t e reducing effect on the bacterial population of 
this saliva. 
7. Saliva also has a bactericidal or bacteriostatic 
(or both) action against Streptococcus pyogenes . 
